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INTRODUCTIOM AND SUMMAKY 

This report wiI.1. cover the vork performed r'roat January 1, 1966 

to  June 30, 1966 on Grant NsG-458 between The Universi ty  of  Arizona and 

the Nation81 Aeronautics and Space f b i n i s t r a t i o n .  

This c o n t r a c t  w a s  set up t o  support  the  development of  new types 

of  d e t e c t o r s  for a n a l y s i s  of planetary atmospheres. 

w a s  i n  d e t e c t o r s  f o r  use under p a r t i a l  vacuum condi t ions ;  recent ly ,  the 

program has been extended to  include detectors for use a t  one atmosphere. 

Resul t s  t o  da t e  have included d e t e c t o r s  f o r  02, E2 and CO under 

I n i t i a l l y  the  i n t e r e s t  

p a r t i a l  vacuum condi t ions,  (see references sec t ion ) .  More recent ly ,  de- 

tectors for I32 and CO in a i r  a t  atmospheric pressure  have been reported,  

bu t  as y e t  no publ ica t ions  have appeared i n  t h e  journa ls .  

This semi-annual report will d i scuss  our work on a new d e t e c t o r  

f o r  a m n i a  vapor in air. W e  w i l l  also review the  s t a t u s  o f  t h e  hydrogen 

de tec to r  program and d i scuss  the  first r e s u l t s  of our  s tud ie s  of seniconduc- 

t o r  d e t e c t o r s  f o r  gases.  

RESULTS 

The Aamonia Vapor Detector  

In earlier reports w e  mentioned that the  r e a c t i o n  of artmooia vapor 

qu i t e  s p e c i f i c  and might serve as a de tec to r  f o r  "3. wi th  a lpha  brass  was 

The reactZon i t s e l f  has been under study on another program (supported by 

S t a t e  Funds) because of our  bas ic  i n t e r e s t  i n  stress corrosion.  As p a r t  o f  

t h i s  work we were a b l e  to show t h a t  the NH3/Alpha b ras s  r e a c t i o n  could be 

con t ro l l ed  by t he  app l i ca t ion  of e l e c t r o s t a t i c  p o t e n t i a l s .  

The system, as  modified f o r  de t ec t ion  of amnonia, is shown i n  

P i g .  1. For operation a con t ro l l ed  mixture of "3, water vapor and a 
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gas (a i r )  is  passed ( a t  room temperature) through the  de t ec to r .  After f i v e  

m_ir-rrtes of qxrariar,  the ion cu r ren t ,  the alpfsa brass wire t o  the  co i l ec -  

tor, is measured. This cur ren t  is d i r e c t l y  proport ionate  to the partial 

pressure  of ammonia. 

The f i r s t  r e s u l t s  are shown i n  Fig, 2 w h e r e  t he  i o n  cur ren t ,  after 

f i v e  m i n u t e s ,  is shown versus the ratio 

q u i t e  l i n e a r  above 1% and w e  f e e l  that 8 d e f i n i t e  h p r w e m e n t  is poss ib l e  f o r  

of I3383 to  air by weight. The curve i s  

ra t ios  of NHB/air b e l o w  l$. 

by volume. 

r o o m  a i r  (usua l ly  s t a t e d  as 100 ppm or 0.01’’ by volume lo ), 

ments w e r e  run a t  a w i r e  p o t e n t i a l  of +2OOV DC; we f e e l  that the  s e n s i t i v i t y  

A 1% m i x t u r e  by weight r ep resen t s  a 1.6: mixture 

Thfs is  far above the  maximum amrPonia concent ra t ion  permitted i n  

These experi-  

can be s u b s t a n t i a l l y  increased by higher vol tages  and pretreatment  of  the  

w i r e .  This  w i l l  be a n  ob jec t ive  i n  t h e  next six-month per iod of  the  contract. 

The system is  completely in sens i t i ve  to  water vapor, argon, oxygen, 

ni t rogen,  hydrogen or helium. The r e p e a t a b i l i t y  is qu i t e  s a t i s f a c t o r y  and 

the system is not s e n s i t i v e  t o  the  ambient temperature w i t h i n  reasonable 

(ZOOC - 95O~) l i m i t s .  

The presence of water vapor does not  seem t o  be a requirement; the 

d e t e c t o r  works even wi th  anhydrous a m n i a ,  b u t  water vapor does seem to 

shor ten  t h e  induct ion period before the p o s i t i v e  ion  c u r r e n t  begins to  flow. 

The exac t  n a t u r e  of the ions is not y e t  clear, but  w e  have a s t rong  

suspic ion  t h a t  they are Zn+ or a zinc-armtonia complex, This a r i s e s  f r m  the  

f a c t  that after seve ra l  hours of operat ion a me ta l l i c  z inc  depos i t  appears \ 

on the  collector. 

The amaonia de t ec to r  is a most u s e f u l  device and we intend t o  ex- 

tend the  c a l i b r a t i o n  and i f  poss ib le  improve the  s e n s i t i v i t y .  However, our 

major i n t e r e s t  w i l l  be i n  the study of t he  physics  of t he  reac t ion .  The 
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processes  of stress corrosion are st i l l  unclear  and t h i s  w i l l  be the  a rea  

3f ?k. tferpa:: S.Jls0ca'i; P5.D. thesis in Paecharical Engineering. 

The ammonia de t ec to r  may have p o t e n t i a l  f o r  de t ec t ion  of pro te in  

molecules, 

might be u t i l i z e d  €or de tec t ion  purposes. 

made up a 1% water s o l u t i o n  of urea.  

placed on  the brass  w i r e ,  t h e  usua l  anmonia r eac t ion  w a s  observed when the 

urea was decomposed by hea t ing  (- 90%). 

water yielded no cur ren t  under the  same condi t ions.  

The decomposition of protein produces amon ia  and t h i s  phenomenon 

As a simple test of t h i s  idea,  we 

I f  several drops of t h i s  so lu t ion  w e r e  

! 
A con t ro l l ed  experiment w i th  pure 

Indica t ions  are t h a t  microgram q u a n t i t i e s  of prote in  can be de- 

t ec t ed  by t h i s  technique. W e  have discussed t h i s  work wi th  s c i e n t i s t s  a t  

Jet Propulsion Leboratoryr who are concerned wi th  life de tec t ion  on the  

p lane ts .  

has  ex i s t ed ,  a simple technique for detec t ion  of  p ro te in  may be of importance. 

Since p ro te in  material is a s t rong  ind ica t ion  that l i v i n g  matter 

If t he re  is any i n t e r e s t  i n  t h i s  technique, w e  w i l l  cooperate i n  

HLwever, w e  recognize t h a t  t he  f u r t h e r  developiisent of a pro te in  de tec tor .  

t h i s  is only a secondary i n t e r e s t  for the  de t ec to r s  program. 

Semiconductor Detectors 

Semiconductors have g rea t  p o t e n t i a l  f o r  use as gas de tec to r s  and 

w e  have begun soate research i n  t h i s  area.  Our first e f f o r t s  were devoted 

t o  developing r e l i a b l e  f ab r i ca t ion  and t e s t i n g  techniques on a "simple" 

semiconductor, ZnO. 

Zinc oxide has been s tudied  i n  g rea t  de ta i l ( ' )  and i t s  p rope r t i e s  

are considered w e l l  known. 

Seiyama(*) where response t o  H2, 02 and some hydrocarbons w a s  discussed. 

ZnO is qu i t e  easy t o  make and is not as s e n s i t i v e  to processing techniques 

Its use a s  a de t ec to r  has been reported by 
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as is s i l i c o n .  Later ,  when we a r e  more experienced i n  the  u s e  of semicon- 

duc tors ,  w e  will be a b l e  to i n v e s t i g a t e  miterials like siliccrii for Zetc~tior.  

purposes. 

To discuss  o u r  r e s u l t s  in t h i s  a rea  w e  must quickly review some 

p e r t i n e n t  semiconductor theory.  

Semiconductors d i f f e r  from metals i n  two ways; f i r s t ,  they have 

r e l a t i v e l y  few charge carriers. Second, the  allowed e l e c t r o n  energ ies  do 

not form a continum but are i n  bands, separated by regions of  forbidden 

energy i n  which no charge c a r r i e r s  can e x i s t .  

The laver allowed (valence) band is genera l ly  f i l l e d  wi th  e l e c t r o n s  

( a t  room temperature) while  the  upper allowed (conduction) band is e s s e n t i a l l y  

empty. 

e l e c t r o n  to the conduction band (n type) or acqui re  an  e l e c t r o n  from the  

valence band (p type), thereby leaving a hole .  

The mate r i a l  may be "doped" with impur i t ies  which e i t h e r  donate an  

This p i c t u r e  nust be modified a s  the  su r face  is approached (3) .  The 

su r face  may have a v a i l a b l e  energy s t a t e s  i n  the  normally forbidden energy 

band. These su r face  states can t r a p  e l ec t rons  which would otherwise be f r e e  

i n  the  conduction band and the  surface is then spoken of as being depleted 

s ince  near  the  sur face  the  conduction band lacks i t s  nor-1 quota of e l ec t rons .  

On the  other hand, t he re  may be extra f r e e  electrons a v a i l a b l e  near t he  sur -  

face  and the su r face  fs then spolcem of as a n  a c c u m l a t i o n  region.  

The f a c t  t h a t  sur face  s t a t e s  can be induced or  modified by ex- 

posure of the  semiconductor to  var ious gaseous ambients, is the  reason t h a t  

semiconductors can be used  a s  gas detec tors .  An important po in t  here is t he  

f a c t  t h a t  semiconductors have r e l a t i v e l y  few charge c a r r i e r s  and only a 

small number of absorbed molecules a re  needed to  make a s i g n i f i c a n t  change 

in the  p rope r t i e s  of the  material. This i s  i n  c o n t r a s t  t o  metals vhere 
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absorbed ambient gases have very l i t t l e  e f f e c t ,  i n  general ,  on the bulk 

metal p rope r t i e s .  

To r e t u r n  t o  z inc  oxide, w e  note t h a t  the mater ia l  can be fabr ica ted  

i n t o  t h i n  f i lms having a z inc  r i c h  ZnO s t r u c t u r e .  This is done by evaporation 

of z inc  onto  g l a s s  s l ides*  which a r e  then oxidized in a i r  a t  about 40OoC 

u n t i l  a l l  the  metallic zinc is converted i n t o  t ransparent  zinc oxide. 

The r e s u l t a n t  material is an  n type semiconductor which means t h a t  

i t  has a s i g n i f i c a n t  number of e lec t rons  in the  conduction band. Now i f  the  

ZnO is  exposed t o  an  ambient gas which absorbs on the  sur face  and donates 

e l ec t rons ,  the conduct ivi ty  of  the  mater ia l  w i l l  increase.  I f ,  on the  o ther  

hand, t he  absorbed gas is an e l e c t r o n  acceptor,  the conduct ivi ty  w i l l  decrease.  

I n  any case the f a c t  t h a t  the ZnO i s  Ln t h i n  film form means that 

sur face  e f f e c t s  vi11 be s i g n i f i c a n t  and the  ambient gas w i l l  be ab le  t o  d i f f u s e  

i n  and out of t he  ZnO r a t h e t  quickly.  

The f a c t  that gases d i f f e r  in  the  degree t o  which they are absorbed 

- and i n  w h e t h e r  they are donors or acceptors allows c e r t a i n  semiconductors to 

be used 8 s  s p e c i f i c  de tec tors .  

The general  problem, then, is t o  develop semiconductor detector6 

which are rapid in response, l i n e a r  in output,  repea tab le  when cycled and 

s p e c i f i c  t o  a c e r t a i n  gas. 

Results on Zinc Oxide 

It should be noted here that w e  are t o  some extent  repea t ing  the  

work of Ref. 1 and 2. 

are somewhat d i f f e r e n t  than those of other workers. We hope t o  bu i ld  de- 

t e c t o r s  and therefore  w e  must study the e f f e c t  of ambient gases i n  much 

W e  must ga in  experience i n  t h i s  area and our i n t e r e s t s  

This assistance of Mr. James Payne and Mr. I ra  Clough is g r a t e f u l l y  
acknowledged. 
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more d e t a i l  than t h a t  reported i n  Ref. 1 and 2.  

A t  tiiis poiii: VB BTS f i i tere~ted fa the ~ ~ z s ~ G I  j i r o w i t i e s  of the 

mate r i a l .  Evaluation of ZnO a s  a s p e c i f i c  de t ec to r  w i l l  come l a t e r  when w e  

understand i t s  p rope r t i e s  in more d e t a i l .  

I n  Fig. 3 w e  show the  response of  a t h i n  f i l m  of ZnO t o  a sudden 

change i n  aaibient gas pressure.  

and the  gas w a s  a i r .  Two hundred f i f t y  degree Centigrade or higher  tempera- 

t u r e s  seem t o  be needed f o r  thermal e x c i t a t i o n  of e l e c t r o n s  from the  valence 

t o  t h e  conduction band. A t  room temperature the e l e c t r i c a l  conduct ivi ty  of 

ZnO is much lower and there is  l i t t l e  or no e f f e c t  of ambient gases.  

I n  t h i s  case the  f i lm w a s  held a t  25OoC 

* 
Figure 3 shows a rap id  drop i n  cu r ren t  (conduct ivi ty)  wi th  admission 

of dry a i r ,  followed by a slaw fu r the r  decrease t o  an  equi l ibr ium va lue .  

e f f e c t  is  due a b s t  e n t i r e l y  to oxygen. 

and reduces the number o f  f r e e  c a r r i e r s  i n  the  ZnO. 

The 

oxygen is an  acceptor  when adsorbed 

I n  Fig. 3 we a l s o  show a cume f o r  dry N2; there  is  no de tec t ab le  

change in the cur ren t ,  which agrees  with the  r e s u l t s  of Ref. 2 and our  

suggest ion that the change i n  cur ren t  upon admission of  a i r  was due e n t i r e l y  

to  the  e f f e c t  of oxygen. 

Figure 3 d isp lays  another  t yp ica l  phenoaaenon of semiconductor de- 

tectors, " fas t"  and ''slm" states. To exp la in  this w e  must d ig res s  f o r  a 

moment to  more semiconductor physics.  

When a n  acceptor  is  adsorbed on an  n type semiconductor, some of 

the  e l e c t r o n  t r a p s  produced l ie below the  conduction band and are quickly 

f i l l e d  by conduction e l ec t rons .  

shown i n  Fig.  3. 

* One would th ink  t h a t  when the  f i lm  is  a t  room temperature, adsorp t ion  
would be more e f f e c t i v e  in changing the conduct ivi ty ,  s ince  there a r e  fewer 
charge carriers. 
adsorpt ion.  

This causes the  rap id  drop i n  cu r ren t  

h e  observed e f f e c t  may i n d i c a t e  a temperature e f f e c t  i n  
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There a l s o  e x i s t  e l e c t r o n  t raps  which a r e  separated by an  energy 

barrier trom the conduction band e iec t rons .  As the  e ieccrons  are thermally 

exc i t ed  over the  b a r r i e r  they drop into the  t r a p s  and t h i s  produces the  slow 

decrease i n  cu r ren t  shown i n  Fig.  3. 

The ex is tence  of f a s t  and slow s t a t e s  l i m i t s  the  response t i m e  of 

semiconductor de t ec to r s  and t h i s  may be a se r ious  handicap t o  the  use of 

such d e t e c t o r s  f o r  c e r t a i n  space appl ica t ions .  However, opera t ion  a t  higher  

temperatures - 4OO0C appears to  speed up the thermal iza t ion  of slow s t a t e s  

to  t h e i r  f i n a l  equi l ibr ium va lue .  An hapertant  p a r t  of our inves t iga t ion  

w i l l  be a gaining of  information about t hese  poorly understood, slow states 

and o f  methods f o r  speeding up t h e i r  approach t o  equi l ibr ium. 

Earlier w e  noted that  most of the  conduct ivi ty  change i n  ZnO, upon 

As f u r t h e r  evidence of t h i s ,  we show i n  exposure t o  a i r ,  w a s  due to  oxygen. 

Fig.  4 the  conduct ivi ty  of ZnO when cycled a t  one A t = .  between dry a i r  and 

dry n i t rogen .  

ZnO as an oxygen monitor i n  a i r .  

e f f e c t s  of a i r  and n i t rogen  a r e  i n  agreement with the  resu l t s  of Ref. 2 

which ind ica t e  t h a t  n i t rogen  has very l i t t l e  e f f e c t  on the  conduct ivi ty  of 

ZnO.  

achieve equi l ibr ium. 

The r e p e a t a b i l i t y  is very good and i t  may be poss ib le  to use  

Again the  d i s t i n c t  d i f f e rence  between the  

The higher  t e m p e r a t u r e  (3OOOC) does reduce the  time necessary to  

In Fig. 5 w e  show the  change i n  cu r ren t  (conduct ivi ty)  as a func- 

t i o n  of  ambient pressure f o r  dry a i r  and n i t rogen .  Again we see t h a t  t h e r e  

is a change i n  comductivity upon exposure t o  a i r ,  which is  propor t iona te  to  

the ambient oxygen pressure.  

The cu r ren t  WE. pressure curve f o r  a i r  is not of constant  s lope  

but w e  hepe t o  improve t h i s  as we gain f u r t h e r  experience w i t h  ZnO. 
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The cu r ren t  vs. pressure l i n e  for N2 is  qu i t e  s t r a i g h t  and shows 

a g i ig i i t  iricretse in current w i t h  pressure. Tnis, we t'ninic, is due to 

thermodynamic exchange of previously adsorbed oxygen from an earlier exper i -  

ment w i th  a i r .  

From the  r e s u l t s  discussed above i t  seems q u i t e  reasonable to  

suggest  t h a t  ZnO systems may be qui te  u s e f u l  f o r  gas de tec to r s .  More work 

w i l l  be needed, e spec ia l ly  t o  speed up the  "slow states" i n  t h e i r  approach 

t o  equi l ibr ium but w e  have confidence that t h i s  w i l l  be poss ib le .  

This completes the  r e p o r t s  on the ZnO work t o  da t e .  I n  a l a t e r  

s e c t i o n  w e  w i l l  d i scuss  plans f o r  fu r the r  s t u d i e s  on ZnO. 

Surface Ion iza t ion  Detector  For Rydrogen i n  A i r  a t  One Atmosphere 

In our  last report ve discussed t h e  r ecen t  r e s u l t s  w i t h  t h e  hydro- 

gen de tec to r .  The response of t he  device vas shown t o  be q u i t e  l i n e a r  and 

w e  have begun a d e t a i l e d  study of phenomena involved i n  the  production of 

t he  ion  cu r ren t .  

+ Earlier w e  suggested t h a t  the ion  cu r ren t  w a s  due to  H2' or R ions 

produced on the  palladium sur face .  However, a r ecen t  paper by Howling (4) 

has proposed that the a l k a l i  i on  cur ren t  is due  e s s e n t i a l l y  to  K and Na from 

the  g l a s s  in the  experimental  system. 

In con t ra s t ,  two reports from the  Sovie t  Union, Ref. 5 and 6, indi-  

c a t e  t h a t  t he  cu r ren t  is due to a l k a l i  ions  coming from the  hot  f i lament  

i t s e l f .  This does, i n  f a c t ,  seem t he  most p laus ib l e  source f o r  t he  cu r ren t .  

Hovever, the mechanism i s  poorly understood. For example, Ref. 5 suggests  

t h a t  O2 reduces the  ion  cu r ren t  while  H2 increases  i t .  

r e s u l t s ;  however, i f  the  cu r ren t  is produced by su r face  ion iza t ion  of alkalis, 

this  i n d i c a t e s  t h a t  O2 oust lower the  su r face  work func t ion  while  H2 must 

This  agrees  wi th  our  
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cause t h e  work funct ion t o  increase.  

oppos i te  to  t h a t  normaiiy ani: t h i s  is O I i e  of the reescas we 

This e f f e c t  of 02 and H2 is exac t ly  

suggested a @ or  H2+ i on  mechanism i n  our  last r epor t .  

The e n t i r e  quest ion of how the sur face  ion iza t ion  cu r ren t  is  

generated w i l l  be the  sub jec t  of a Ph.D. thesis i n  Mechanical Engineering 

by Mr. Jay  Abramowitt. 

fus ion  system has been s t a r t e d  and experintents w i l l  begin i n  the F a l l  when 

Mr. Abramwitz returns. 

Construct ion of a mass spectrometer and a n  ion  d i f -  

The problem of determining the e/m r a t i o ,  f o r  the  ions e m i t t e d  by 

hot  palladium, is not  an easy one. Our f i r s t  a t tempts ,  with s imple  types 

of apparatus ,  f a i l e d  because of the  low i on  c u r r e n t s  ava i l ab le .  For t h i s  

reason the  mass spectrometer is  under cons t ruc t ion .  

We have had some correspondence wi th  the  NASA cen te r  in Huntsvi l le ,  

A l a b a m a  regarding the  use of t he  hydrogen detector i n  the Saturn vehic le .  

The problem seems to  be one of the  design of an appropriate  ope ra t iona l  sys- 

t e m  and t e s t i n g  of t he  de t ec to r  under the  usua l  v ib ra t ion ,  shock and environ- 

mental s p e c i f i c a t i o n s  fox Space. 

These requirements are obviously beyond our  c a p a b i l i t i e s  and w e  

have been d iscuss ing  these problems with s e v e r a l  comnercial f i r m .  If i t  

appears that one of these  f i rms is in t e re s t ed  i n  packaging the  H2 de tec to r  

for the  Sa turn  system we w i l l  cooperate wi th  them as lsuch as possible .  

Operations wi th  O t h e r  Space Related A c t i v i t i e s  

In earlier reports w e  have mentioned cooperat ive e f f o r t s  w i th  the  

Univers i ty  of Arizona Lunar and Planetary Laboratory. This work is continu- 

ing, a vacuum furnace f o r  melting of such ma te r i a l s  a t  13OO0C i s  i n  opera t ion  

~ * See References 6 and 7 .  
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and LPL personnel are using t h i s  f a c i l i t y  to study s i z e  e f f e c t s  on rock 

frothing during mltfilg. 

Another group from the  LPL is using a DC plasma discharge* t o  

study s p u t t e r i n g  and co lor  changes i n v a r i o u s  rock samples. Both of these 

programs are d i r e c t e d  taward a better understanding of the lunar  su r face  

and the  geologica l  h i s t o r y  of the moon. 

In both these  programs the  LPL pays f o r  a l l  apparatus  and suppl ies  

used on t h e i r  s tud ie s .  

vacuum system constructed on NsG-458, is furnished by the  FESS Laboratory. 

W e  sha re  a technic ian  and to date t h i s  cooperat ive e f f o r t  has proved most 

s a t i s f a c t o r y .  We expect t o  continue it i n  the fu tu re .  

Ce r t a in  permanent apparatus ,  l i k e  the  18" x 22" 

Futpre Plans 

We hope to  cont inue the  work on ZnO, f i r s t  t o  operate a t  higher  

temperatures and, second, to test the  response t o  other gases. 

ZnO i s  s e n s i t i v e  t o  water  vapor but  i t s  recovery is qu i t e  slow 

when the  ambient water  vapor is removed. Operation a t  higher  temperatures  

may a l l e v i a t e  t h i s  problem. 

ZnO i s  s e n s i t i v e  to  hydrogen and w e  hope to run  tests i n  m i x t u r e s  

of hydrogen and a i r  or n i t rogen  t o  see i f  a p o t e n t i a l  f o r  hydrogen de tec t ion  

exists. 

The Department o f  E l e c t r i c a l  Engineering is f i n i s h i n g  a f a c i l i t y  

f o r  work on semiconductor c i r c u i t s .  

f o r  handling s i l i c o n .  There is  g rea t  i n t e r e s t  i n  s i l i c o n  sur face  p rope r t i e s ,  

pr imari ly  because of the  semiconductor industry and secondari ly  because of 

i ts  p o t e n t i a l  for gas detec t ion .  We have been i n  correspondence with Dr. 

T. M. Buck of t he  B e l l  Telephone Laborator ies .  

See References 6 and 7, under Publ icat ions.  

This w i l l  give us access  t o  f a c i l i t i e s  

Re has been most h e l p f u l  
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i n  supplying d e t a i l e d  information about h i s  s tud ie s  on e f f e c t s  of gases 

on semiconductor p rope r t i e s ,  Ref. 6,s. 

I f  a l l  goes w e l l ,  we w i l l  be a b l e  t o  begin s tudying s i l i c o n  i n  

the  F a l l  of 1966. 

Work on the sur face  ion iza t ion  de tec to r  f o r  hydrogen vi11 be de- 

voted to a mass spectrometr ic  i nves t iga t ion  of t he  ion species 

There are some s igns  of renewed i n t e r e s t  i n  a d e t e c t o r  f o r  CO and ve hope 

t o  repeat some of t he  C O / a i r  tests reported e a r l i e r .  

emit ted.  

Discussions w i t h  the  Jet Propulsion Laboratory regarding a con- 

t r a c t  for development of  a F ie ld  Ioniza t ion  Source are s t i l l  continuing. 

W e  hope to  begin work on t h i s  con t r ac t  wi th in  the  next  six months. 

ThLs con t rac t  w i l l  b r ing  us  c l o s e r  to  an  ope ra t ing  NASA f a c i l i t y  

and seems to o f f e r  an avenue f o r  use of our r e s u l t s  i n  exp lo ra t ion  of the  

moon and the p lane ts .  
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